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© Method and apparatus for fabricating mlcrolenses on optical fibers. 


© This invention concerns with a process and apparatus for fabricating microlenses on optical fibers. A pulsed 
laser beam and an end portion of a fiber are arranged relative each to another so that the laser beam is incident 
on the end portion of the fiber at an acute angle 0 to the longitudinal axis of the fiber. The angle is selected to 
attain a desired curvature of a lens formed by ablation and heating of the end portion of the fiber by the laser 
beam. A movement of the fiber and the laser relative each to another results in progressive engagement of the 
end portion of the fiber with the laser for a preselected distance so as to produce a short taper with a lens at the 
end thereof. In the preferred embodiment, the fiber rotated about its axis within a passage of the holder which 
moves the end-portion of the fiber into and through the laser beam resulting in the said lens. The precise 
repeatability of the lens formation may be controlled by a computer. 
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M thod and Apparatus for Fabricating Microl nses on Optical Fibers 


Technical R Id 

The present invention relates to a method and apparatus for fabrication of microlenses on optical fibers. 

5 

Background of the Invention 

Optical fiber communication is a rapidly developing and maturing technology. Currently, optical fiber 
technology is being implemented in local area networks, long distance terrestrial systems and even longer 

10 distance submarine systems. As the area serviced by these communication systems expands, the number 
of fiber connections is also increasing, thus creating the need for improved fiber connections and couplers 
having low loss and minimal distortion. It is especially desirable to attain a maximum coupling efficiency of 
light from transmitters, such as semiconductor lasers, to microlensed fibers and from the microlensed fibers 
to detectors. For example, see the article by G. Wenke and Y. Zhu entitled "Comparison Efficiency and 

is Feedback Characteristics cf Techniques for Coupling Semiconductor Lasers to Single-Mode Fibers" in 
Applied Optics. Vol. 22, No. 23, 1 December 1983, pages 3837-3844. 

Small tenses with relatively high coupling efficiency may be prepared by forming a tapered fiber and 
heating the end of the taper, for example, with an electric arc. Etched tapered fibers are prepared by 
etching off the cladding from an end portion of a fiber with buffered HF resulting in a taper and 

20 subsequently forming the small (ens at the end of the taper. Drawn tapered fibers are prepared by 
simultaneous drawing and heating of a section of a fiber in an electric arc. The length of the tapered region 
can be controlled by the amount of heating and by the drawing speed. After the constricted portion is 
melted off. electrode arc heating produces a microlens at the end of the tapered fiber. In some cases, the 
microlens is produced by dipping the end of the tapered fiber into a melt of high-index glass. An article by 

25 K. Mathyssek, J. Wittman and R. Keil entitled "Fabrication and Investigation of Drawn Fiber Tapers with 
Spherical Microlenses" in Journal of Optical Communications. Vol. 6 (December 1985) 4, pp. 142-148. as 
well as U. S. Patent 4,565.558 issued on January 21, 1989 to R. Keil et al. and U.S. Patent 4,589.897 issued 
on May 20, 1986 to K. Mathyssek et al.. discusses drawn tapered fibers with microlenses. 

However, while such lenses may possess relatively high coupling efficiency, these two processes do 

30 not lead to truly reproducible results due to a number of production inefficiencies. Among the inefficiencies 
are the wear of arc electrodes as the period of their use increases and a difficulty in forming lenses on 
certain fibers which may not be symmetrical. An example of such a fiber could be a so-called D-fiber in 
which a segment of the cladding is removed on one side of the fiber. Another example could be a 
polarization preserving fibers for which microlens formation presently is difficult if not impossible. 

35 It is, thus, still desirable to fabricate microlenses on the optical fibers in an efficient and a controllably 
reproducible manner. 

Summary of the Invention 

40 

This invention is a process and apparatus for fabricating microlenses on optical fibers. In accordance 
with the invention, an end portion of an optical fiber is subjected to the action of a pulsed laser beam which 
in a single operation forms a taper on the end portion of the fiber and a microlens at the end of the taper. 
The beam ablates progressively the circumferential periphery of the end portion of the fiber into a taper with 

4S simultaneous formation of the lens. The laser and the end portion of the fiber are arranged relative each to 
another so that the laser beam is incident on the end portion of the fiber at an acute angle e to the 
longitudinal axis of the fiber. The angle is selected to attain a desired curvature of the lens and to avoid the 
possibility of the lens drooping toward the laser. In the preferred embodiment the fiber which is rotated 
during the fabrication, is supported within a through-passage in a fiber holder, the diameter of the passage 

so being only sufficiently greater than the diameter of the fiber to permit rotation of the fiber without either 
undue friction or undue peripheral movement of the fiber radially of the passage. The fiber holder is 
secured on a micropositioner which may be suitably controlled for moving the fiber into and through the 
laser beam. For pr cise repeatability of lens formation the micropositioner may be conveniently controlled 
by a computer, such as a Personal Computer (PC). The process and apparatus permits precise shaping of 
microlens s in a reproducible fashion. 
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Brief Description of the Drawing 

FIG. 1 discloses a laser micromachining apparatus for producing microlenses on the end of an optical 

fiber. 

s FIG. 2 discloses an enlarged view of a portion of the apparatus shown in FIG. 1 . 

FIG. 3 discloses a three-dimensional temperature distribution in a fiber after a laser pulse for various 
pulse lengths. 

FIG. 4 discloses a schematic representation of a photograph of a C0 2 laser micromachined taper ana 
microlens. 

w FIG. 5 discloses a schematic representation of a photograph of an etched tapered fiber and a laser 

melted lens. . 

fig. 6 discloses a comparison of measured microlens coupling loss (in dB) for three variants ot 
microlens formation on a 5DSM Optical fiber when coupled to a 1.3 urn DCPBH User. 

is Detailed Description 

FIGS. 1 and 2 show an exemplary embodiment of an apparatus 10 for fabrication of a microlens at the 
end of a single-mode optical fiber 11. 

Apparatus 10 includes a micropositioner 12 with precision stepping arrangement, e.g. on the order of 
0.1 urn, and fiber holder 13 secured to the micropositioner and provided with a through-aperture 14 having 
circular cross-section. The micropositioner enables movement of holder 13 and. thus, of aperture 14, in a 
horizontal, vertical or suitably compounded, such as diagonal, direction. The micropositioner may be 
controlled manually or via a controller 15. 

To provide for rotation of optical fiber 11 about its longitudinal axis, the fiber is mounted in a suitable 
spinning device schematically shown as a block 9. Block 9 is representative of any suitable means known 
per se which would impart rotation to fiber 11 about its longitudinal axis, for example, a microlathe dnven 
chuck, a small motor driven collet etc. The fiber may be rotated within a range of from 100 to 1000 rpm. 
Free end portion 17 of optical fiber 11 passes through aperture 14 arranged longitudinally of holder 13 so 
that only a relatively short portion of the free end portion of the fiber projects from of the holder. The length 
of the free end portion projecting from the holder should be sufficiently long to permit formation of a 
microlens at the end thereof, but not so long as to result in a possible eccentricity of rotation of the portion 
being micromachined. m . 

To avoid twisting of the fiber during rotation, the diameter of aperture 14 is selected to permit free 
rotation of the fiber within the aperture without undue friction between the fiber and the walls of the aperture, 
as For example, the diameter of aperture 14 may be up to 2um greater than the diameter of fiber 11. This 
permits the fiber to be spun around its own axis with up to 1 urn accuracy without requiring great precision 
in the spinning device. 

Holder 13 is shown as having only one through aperture 14. However, the holder may be provided with 
more than one such aperture. For example, each aperture may be of a different diameter to accommodate 
fibers of correspondingly different outer diameters. Alternatively, the apertures may be of the same 
diameter permitting loading of a plurality of fibers into the holder so that the laser micromachining may 
proceed from one fiber to another with a minimum loss of down time. 

A pulsed laser 16, arranged in a spatial relationship to the fiber, is used for micromachining a microlens 
on free end portion 17 of fiber 11. Laser 16 is provided with suitable optical means 18 and 19 for focusing a 
laser beam 20 onto the fiber. Holder 13 and laser 16 are positioned relative each to another so that the 
laser beam 20 engages the fiber at an acute angle Q to the longitudinal axis of the fiber wherein generally 
0* < B < 90* irrespectively whether the beam is directed toward the face of the end portion of the fiber or 
from the opposite direction, toward the periphery adjacent to the end portion. 

The micromachining of microlenses is carried out in this exemplary embodiment using a sealed-cavity, 
so RF waveguide CQ 2 laser emitting 25 watts. Using radio frequency excitation, rather than spark discharge 
excitation, this type of laser requires no external gas source, and requires cooling only by an air-cooled heat 
sink (not shown) attached to the waveguide tube. The entire laser, including heat sink, is roughly 10 cm. x 
15 cm. x 92 cm (4 M x6"x36 w ) in dimension, weighs < 6.8 kg, (15 lbs.) and can be mounted directly on an 
optical bench. The laser is driven with an external power supply (not shown) generating the radio frequency 
55 excitation. The excitation radiation is linked in a known manner to an external modulator (not shown), 
enabling the laser output to be pulsed under external control with pulse times as short as ten usee. 

The laser output at 10.6 um wavel ngth, goes through a 4X beam expansion, is deflected 90 degrees 
at 18 and passes through focusing lens 19, such as a 7.6 cm. (2.5 inch) focal length zinc selenide lens. 
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The focused spot radius is - 15 urn, with the great st energy density concentrated within a 5 urn radius 
spot The focused power density is 7.1x10 -2 W / urn 2 at the cent r of the focused spot. 

U. S. Patent 4. 710,605 issued on December 1. 1987 to H. M. Presby teach s the use of a pulsed laser 
beam for flash evaporating portions of the periphery of optical fibers so as to prepare taps, couplers and 

s mod mixers directly on the fiber. A segment of the laser beam engages an outer periphery of th fiber in a 
direction perpendicular to the longitudinal axis of the fiber with an intensity and duration of pulses selected 
to progressively ablate and remove the material of the fiber without redeposition. The primary purpose of 
the patented process is the removal of elongated sections of the periphery of the fiber and not the forming 
and melting of an end of a fiber into a lens. An attempt to utilize the teachings of this patent for 

70 reproducibly manufacturing microlenses would be unsuccessful, at least due to an inability to precisely 
control the eccentricity of the lens position on the fiber and drooping of the lenses toward the laser. 

Laser 16 is pulsed using external pulses of 30 usee duration, at a repetition rate of 333 Hz. The duty 
cycle of the modulating pulses is therefore 1:100, but the time constant for turning on of the laser is roughly 
30 usee, so the time averaged power output of the laser is roughly 200 mW. The fiber is rotated within a 

is range of from 400 to 600 rpm. preferably at about 500 rpm. These parameters yield good results with the 
beam characteristics used. For some other beam characteristics, suitable operating parameters may be 
determined by a simple trial-and-error experiment. 

Optical fibers generally include a core, a cladding and an insulation. Typically, the core and the 
ciadding comprise silica. In a single-mode or in a multi-mode optical fiber the outer diameter of the 

so insulation is about 225 micrometers and of the cladding about 1 25 micrometers. The diameter of the core in 
a single-mode fiber is about 10 micrometers and in a multi-mode fiber about 50 micrometers. A convenient 
manner of positioning fiber 11 in the aperture 14 so that only a predetermined length of the fiber projects 
from holder 13. is by making the diameter of the aperture 14 only up to 2 urn greater than the diameter of 
the cladding of the fiber. In operation, the insulation of the fiber is stripped from the end portion of the fiber 

25 and the portion of the fiber without the insulation is inserted into aperture 14 so that the insulation abuts the 
holder and a predetermined length of the free end portion projects from the holder. The fiber may project 
for a distance greater than that needed for the formation of the taper with a lens thereon. Any excess length 
may be cut-off by means of the laser beam prior to the formation of the lens. The edge of the cladding not 
only limits the length of the insertion of the stripped portion of the fiber into and through the holder, but also 

30 acts as a stop against any forward movement (toward the laser beam) of the fiber in the longitudinal 
direction during rotation. The reverse movement of the fiber during rotation is prevented by the spinning 
fiber itself. The fiber is provided with a slack between the holder and the spinning device so that during 
rotation any tendency of the fiber for moving in the reverse direction is avoided. Numerous other ways for 
limiting longitudinal movement of the fiber relative to the holder may be devised. In cases where it is 

35 desired to retain the cladding, the forward movement may be restricted by means of a collar positioned on 
the fiber so as to predetermine the length of the fiber projecting from the holder. Alternatively, the fiber may 
be inserted into a tightly fitted sleeve which is rotatively positioned in the holder, while being restricted from 
any movement longitudinally of the holder. 

In preparing a microlens at the end of a fiber, an operator strips the jacket insulation from the free end 

40 portion of the fiber to be lensed. inserts the stripped portion of the fiber into holder 13, aligns free end 
portion 17 of the fiber with the laser beam 20 and initiates the movement of the holder 13 so as to move the 
free end portion into and through the laser beam. The direction and speed of the movement of the fiber and 
the angle of incidence of the laser beam onto the fiber are preselected to result in a desired taper at the 
free end portion of the fiber and curvature of the lens being formed at the end of the taper. 

45 Although manual or servomotor control could be sufficient for producing individual microlenses, precise 
repeatability of the machining operations may be obtained by computer control over, and recording of. the 
movement sequence. For this purpose, controller 15 is linked to a PC. denoted generally as 21, such as an 
AT&T PC 6300, via an RS-232 interface, over which movement control commands could be sent. A 
controlling program, written In GW-BASIC, allows direct operator control over the controller, dir >- operator 

so control with simultaneous recording of the specified command sequence, or execution of a pie-recorded 
sequence of movement commands. Using this system, series of commands required for the formation of a 
given radius of microlenses could be stored in a data file, recalled, and executed at any time. Therefore, an 
operators involvement in the microlens fabrication is reduced to stripping the insulation from the end 
portion of the fiber to be lensed, inserting the stripped portion of the fiber into holder 13, aligning the free 

55 end portion 17 of the fiber with laser beam 20. and running the program. The program executes the 
movement command sequence, and. at the end of the program execution, the microl nsed fiber is removed 
from the holder. Total fabrication tim is short, on the order of 2 minutes, limited by th transfer speed of 
micropositioner 12. 
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A particularly useful characteristic of the micromachining process is that the process simultaneously 
induces both ablation of the surface and h ating of the underlying mat rial. Heating is decreased by the us 
of shorter, more intense pulses, but is never ntir ly insignificant. The characteristics ar beneficial, since 
formation of fiber microlenses requires both cutting away of cladding material and melting of the core end- 
5 face for lens curvature formation. 

Upon contact with silica glass, such as that used in optical fibers fabrication, the 10.6 urn radiation of 
the CO2 laser is absorbed essentially at the surface of the fiber. Beyond this point, two effects occur; glass 
at the surface is raised above its vaporization temperature (T vap ), evaporating away, and heat is conducted 
into the material of the fiber. The longer the surface of the fiber is maintained at T vap , the greater is the 
10 depth of the material within the fiber which is raised above the melting temperature (T me u) of the glass 
material. Sufficiently intense, short pulses can cause ablation of the surface with minimal melting of the 
underlying material. 

FIG. 3 represents a three-dimensional chart of a temperature distribution in an optical fiber after a laser 

pulse for various pulse lengths. The chart was prepared assuming the following parameters for the beam 
is and glass 

Beam Power Pi ase r = 25W 

Focused Beam Radius wo =15 am 

Glass Density p =2.2 gm/cm 3 

Thermal Conductivity x = 1.47x1 0 -2 J/sec.cm. " C 
20 Specific Heat C p = 1 .05 J/gm. ' C 

Vaporization Temperature T vap = 2000 * C 

Melting Temperature T me i t =1600 * C 

For the 25W laser used in the illustrative embodiment which was focused to a Gaussian beam 15 urn 

spot radius, the maximum intensity W incident upon an area of the glass surface with a single intense CO2 
25 laser pulse is given by 


P laser 


30 


(l) 


At this intensity, the time required to bring a section of glass 1 urn deep from room temperature to the 
evaporation temperature (from 20 degrees C to 2000 degrees C), is less than 0.1 usee, so that conductive 
and convective heat transfer have little time to operate. However,, as the pulse goes on, heat is conducted 
into the fiber, causing deformation of the fiber due to surface tension acting on the liquefied glass. This 
shows the necessity for selecting pulses which are sufficiently intense for causing ablation of the material of 
the fiber and yet sufficiently short to produce the lens by heating the end portion of the fiber with minimum 
material deformation. 

The laser lens-forming technique according to this invention may be adapted for forming lenses at an 
end of an etched tapered fiber or a drawn tapered fiber. To form a lens at an end of a fiber tapered by such 
prior art technique, the tapered fiber is inserted into aperture 14 of holder 13, and. while the fiber is being 
rotated, the lens is formed by applying the pulsed laser beam to the end of the etched tapered fiber in the 
manner described with reference to the illustrative embodiment. The use of laser beating rather than electric 
arc heating for etched tapered fibers or drawn tapered fibers can yield significantly more consistent 
microlens curvature, with minimal change in current fabrication techniques. Microlenses fabricated using the 
laser micromachining show excellent laser-fiber coupling, and may be more circularly symmetric than 
lenses formed by other techniques. For microlenses formed using the laser-melting technique of etched or 
drawn tapers, the laser provides a stable and consistent heat source for melting the fiber tips, resulting in 
greater repeatability in lens fabrication than with the electric arc-melting commonly used. 

Typical structures of laser micromachined lenses and etched-tapered laser-melted lenses are shown in 
FIGs. 4 and 5. respectively. Assuming that the lens is centered on the fiber core and that the core is not 
otherwise deformed, the coupling performance for microlenses is dependent solely on the curvature at the 
face of the fiber surface. While the tapers shown have very different structures, the end-face curvatures of 
the lenses and thus their performances are nearly equivalent The tapering of the laser machined fiber, FIG. 
4, is a result of specified machining commands and could be tailored to other requirements. The long 
tapered section for the etched fiber shown in FIG. 5 is a result of the taper etching process and serves no 
useful function. It may ven prove detrimental in terms of fiber strength in the tapered section. 

If the rotating fib r is moved simultaneously into and through the beam, the heating that occurs in th 
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last stages of stripping away the cladding material is sufficient to melt the fiber end, forming the typ of 
microlens seen in FIG. 4. Thus, lens formation occurs in one sweep of the fiber through the beam, providing 
the sweep occurs diagonally into and through the beam. This eliminates the step of alignment of the fiber 
center relative to th b am center, and should make lens formation very rapid. In addition, the final 

s microlens curvature radius formed with this method is determined by the angle of the diagonal sweep 
through the beam. If the sweep is perpendicular to the fiber axis, the lens formed has a very small radius of 
curvature, while sweeps at angles increasingly closer to the fiber axis cause increasingly large curvature 
radii. Once the beam parameters are determined (such as pulse length, pulse rate, power, intensity) the 
microlens curvature radius could be selected by merely specifying the required sweep angle and sweeping 

10 the fiber through the laser beam. Such a technique would maximally exploit the operating characteristics of 
laser micromachining, while decreasing the time and operator skill required for microlens fabrication. 

Evaluation of lens performance was conducted by aligning the lensed fibers with a calibrated Double 
Channel Planar Buried Heterostructure (DCPBH) semiconductor laser being used as an "injection" laser, 
operating at 1 .3 urn, and measuring the fiber-coupled power. Three types of lenses were measured: laser 

rs micromachined lenses, etched tapered-electric arc-melted lenses and etched tapered-laser-melted lenses. 
Results of the evaluation are shown in Figure 6 (a, b, and c. respectively). 

Comparison of laser-micromachined lenses [FIG. 6(a)] with etched tapered-electric arc-melted lenses 
[FIG. 6(b)] shows roughly similar variation magnitude, but with significantly better absolute coupling 
efficiencies for the laser-micromachined lenses. This effect is partially due to the electric arc-melted lenses 

20 not having their radii of curvature correctly matched to the injection being coupled to the laser. Also, it is 
common in microlens manufacture to Increase slightly the microlens curvature radius to make the injection 
laser to fiber coupling less sensitive to optical misalignments. However, it may more likely be due to the 
fact that electric arc-melting of microlenses is inherently an asymmetric process, since only two electrodes 
are used, while the laser micromachining as described herein is inherently circularly symmetric. Asymmet- 

25 ric heating of the etched tapered fiber tip has been observed to cause "drooping" of the tip as surface 
tension acts differently on the parts of the fiber tip being melted differently. In the formation of the laser- 
micromachined lenses the fiber axis is not aligned perpendicularly to the laser beam, but rather at an acute 
angle, e f to the beam, the angle being generally 0* < B < 90* to prevent the tendency of the lenses to 
"droop" towards the laser. The fact that the laser micromachining is immune to this "drooping" of microlens 

30 tips may account for the resultant increased laser-fiber coupling efficiency. In the exemplary embodiment 
the lens, shown in Fig. 4, was fabricated with an angle of incidence, e, of the laser beam (which may also 
be denoted as a sweep angle) within a range of 60* < 6 < 80*. Other angles may be selected to suit a 
desired lens curvature. 

As seen in FIG. 6(b) and 6(c), comparison of the etched tapered-electric arc-melted lenses with etched 

35 tapered-laser-melted lenses shows a much smaller variation magnitude for the latter lenses than for the 
etched tapered-electric arc-melted lenses. This is due primarily to the greater consistency of position and 
intensity of the heat output of the laser relative to the electric arc. Variation in the electric arc heating is 
caused by wearing away of the electrodes as the arc occurs. As the electrodes wear away, the position and 
intensity of the arc heating varies accordingly. In contrast, in laser heating, the position and intensity of the 

40 heating zone are significantly more consistent, especially in the long term. 

The use of a CO2 laser in a fiber micromachining arrangement, with movement sequences programmed 
under computer control, allows formation of lenses in an inherently repeatable. circularly symmetric manner. 
Microlens shape can be modified quickly and easily by means of the modification of a series of movement 
commands in a data file. Diagonal sweeping of a spinning fiber through a fixed; pulsed CO2 laser beam 

45 allows simultaneous removal of cladding material and microlens formation, with the microlens curvature 
radius being determined by the sweep angle. Of course, the holder with the spinning fiber may be kept 
stationary and the laser may be moved relative to the end portion of the fiber in the similar manner and 
under the similar movement control as were described above with reference to the movement of the fiber. 
The above-described laser micromachining technique is useful for increasing consistency, rapidity and 

so ease of fabrication of microlenses on single-mode optical fiber. Lens radius can be controlled by controlling 
the angle of incidence of a laser beam on the fiber, as well as the intensity and duration of the laser pulses 
used for heating. In addition, it may allow for a convenient microlens fabrication on specialty fibers, such as 
polarization preserving fibers, for which microlens formation is presently difficult and for some structures is 
even impossible. 

55 In the foregoing discussion, it is to be understood that the above-desired embodiment and method of 
operation ar simply illustrative of an apparatus and a method for fabricating a microlens on an optical fiber. 
Other suitable variations and modification could be made to the method and apparatus d scribed h rein, 
and still remain within the scope of the pres nt invention. For example, an excimer laser such as an 
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ultraviolet (UV) excimer laser may be used in place of C0 2 laser operating at 10.6 urn. 


Claims 

5 

1. A method of micromachining lenses on an end portion of an optical fiber, CHARACTERISED BY 
aligning an end portion of an optical fiber and a focused laser beam such that said laser beam is at an 
angle 6 to the longitudinal axis of the end portion of the fiber, wherein (Xfl<90° ( 

causing rotary motion relative each to another of said laser beam and said optical fiber about said 
io longitudinal axis, 

pulsing said laser beam at a pulse rate and for a pulse duration sufficient to result in ablation of surface 
material of the fiber by the laser beam incident thereon and heating of the material of said end portion to 
cause formation of a lens at the end of the fiber, and 

moving relative each to another the laser beam and the end portion of the fiber so that the laser beam 
engages the end portion of the fiber and forms a taper at the end portion of said fiber and a microiens at 
the end of the taper. 

2 The method of claim 1, CHARACTERISED IN THAT said angle $ is 60 < 0 < 80 . 

3. The method of claim i, CHARACTERISED !N THAT said laser beam is produced by a OOz laser or 

an excimer laser. ... . 

4. The method of claim 1, CHARACTERISED IN THAT said fiber is rotated about its axis at a speed 
within a range of from 100 to 1000 rpm.TK from 400 to 600 rpm. 

5 The method of claim 1. CHARACTERISED IN THAT said pulse duration 15 about ten microseconds. 
- 6 The method of claim 1. CHARACTERISED IN THAT, prior to the aligning step, insulation is stripped 
from a preselected length of the end portion of the fiber, and the stripped portion of the.fiber is inserted into 
and through an aperture in a holder, permitting a free end of the fiber to project from the holder a distance 
at least sufficient for the formation of the lens thereon. 

7 The method of any one preceding claim, CHARACTERISED IN THAT said optical fiber is a single- 
mode fiber and is rotated about its longitudinal axis with any peripheral movement of the end portion of the 
fiber radially of said axis being restricted to less than 2 urn, or less than 1 urn. 

8. An apparatus for producing microlenses at an end of an optical fiber, CHARACTERISED BY 
a laser device for producing a focused pulsed laser beam, 

a holder having at least one through aperture for receiving an optical fiber therein so that the end portion of 
the fiber projects from one face of said holder a distance at least sufficient for producing a taper with a 
microiens thereon, the holder and the laser device being positioned relative each to another so that said 
laser beam is an at angle Q to the longitudinal axis of said end portion of the optical fiber wherein 0 0 90 . 
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a positioning device for positioning and moving relative each to another the holder and the laser beam so as 
to engage the end portion of the fiber with the pulsed laser beam and to pass the said end portion into and 
through the pulsed laser beam, said laser beam capable of being pulsed at a rate and for a duration of 
pulses sufficient to cause ablation of surface material of the fiber and simultaneous heating of the material 
of the end portion of the fiber so as to form a taper at said end portion and a microiens at the end of the 

taper. « • 

9 The apparatus of claim 12. CHARACTERISED IN THAT said angle 0 is 60 < B < 80 . 

10. The apparatus of claim 12. CHARACTERISED IN THAT means is provided for causing rotation of 
45 the fiber about its axis at a speed within a range of from 100 to 1000 rpm. 

11. The apparatus of claim 8. 9 or 10. CHARACTERISED IN THAT the diameter of said aperture in the 
holder is up to 2 urn greater than the diameter of said fiber. 

12. The apparatus of claim 8. 9, 10 or 11. CHARACTERISED IN THAT said laser beam Is produced by 
a C0 2 laser or an excimer laser. 

so 


55 


v 


7 


.*"■ -t 

EP 0 391 598 A1 



EP 0 391 598 A1 



EP 0 391 598 A1 




FIG. 6 


a 


r 

CD 2 


LASER 
MACHINED 

(*) 


ETCHED 
ARC-ROUNDED 
(t) 


ETCHED 
LASER-ROUNDED 
(c) 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application number 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document with Indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


EP 90303318,1 


CLASSIFICATION OF THE 
APPLICATION tlnl CO 


D,A 


US - A 


4 710 605 


D, A 


(PRESBY) . 

* Claims; fig. 1 * 

GB - A - 2 131 417 
(WESTERN ELECTRIC COMPANY 
INCORPORATED) 

* Claims; page 2, lines 35-40; 
fig. 1,4,9 * 

US - A - 4 589 897 
(MATHYSSEK et al.) 

* Totality * 


lr 6,8 


1-4, 

8-10, 

12 


1,8 


C 03 B 37/15 
B 23 K 26/08 
C 03 C 23/00 


TECHNICAL FIELDS 
SEARCHED {tm CP) 


C 03 B 
G 02 B 
B 23 K 
C 03 C 


The present search report has been drawn up lor ail claims 


Place of search 

Date of completion of the sea'cn 

Examiner 

VIENNA 

12-07-1990 

HAUSWIRTH 


CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A . technological background 
O - non-written disclosure 
P : intermediate document 


T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
0 : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 


esp@cenet - Document Bibliography and Abstract s Page 1 of 1 


METHOD OF AND APPARATUS FOR CUTTING OPTICAL FIBERS 

Patent Number: JP54030590 

Publication date: 1979-03-07 

Inventor(s): KINOSHITA KYOICHI; others: 02 

Applicant(s): NIPPON TELEGR & TELEPH CORP 

Requested Patent: □ JP54030590 

Application Number: JP1 9770095530 19770811 
Priority Number(s): 

IPC Classification: B26F3/1 4; B26F3/02; H01 S3/00 

EC Classification: 

Equivalents: 


Abstract 


PURPOSE:To cut an optical fiber at right angles by using C02 laser of a low output (0,1 - 5W) as a heat 
source. 


Data supplied from the esp@cenet database - 12 


http://12.espacenetxom/espacenet/absta 6/20/03 


